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S111ce tlie brginniiig o1 tliis cclitttry, tlie zoiies in scaleu, l~ones, 
arrcl otolitlis liave betn oi Iiinclrtnieiital impoit,~iice loi tlie \t~icly ol  
age aiicl gron t11 o1 fislies. 
For ~ i a ~ t i c a l  jJ IipoSes i~ is eisentiai to I,ilo~\ tlle exar i seasoil 
cltu-iiig ~vllicli tlie Lones ale loiiriecl. Ancl inuc 11 .i\ oil, lias beeii devoted 
t o tliis p io l~le i i~ .  
7 Ile iesitltc dillei, ho~uever, from cpecies to species, aricl even 
aiilonco, diileieiit populations OL tlie sariic speciei. I t  ~ ~ 1 1 1  tlieiefoie be 
a p p i - o ~ r ~ a t e  o t1 y to eluc~clate~.ivliat inc tors iiillrici~ce the lorir~at ioil 
ol zoiies. 
Iii tliis paper I xvill ieport tlie results o i  soiiie e~,l>eriiiieiitc on tlie 
ellect ot terilperature oil tlie loriiiatioii ol rones l r i  rtalcs ancl otolitlis 
ol youiig cotl. 2 Ire cocl have heen Lept i11 'tquarla at conslant teiii- 
pel atures. 
Sigiiecl E-Iaiiscn, tcchiiical assistaiit, liiir l~een  iii Ildlgc of the C Y ~ > C I I -  
iiieiits. Finn Otterbecll, scieiitific assistant, Iiai ~e\~iseci 11ie otolitlls. 
Tlie photos aiicl scieiite-nicas~iieiiieiits Iiave beeii i~~acle  jy Raqnvald 
I Avei sen, techiiical assistant. 
Beloie giving the lesults ol tliesc expeiimelits I  vill give an 
nt coiint o1 resrilts ol eailiei reai ing perloii~iecl at Fl@devigeii at rioi- 
inal teniperatules. 
Iii 1:IiO .i\ e placcd 150 0-gi-ortj i t ocl bet~veeii S ailcl 12 t ni iii orir 
salt-water poiicl (750 iil%vitli a niax. deptli O L  5 iilcties). Saiiiples o1 
tlic lis11 vere talien clriiiiig the lollo~viilg yeais - tlre last onc i11 
May 1923. 
T h e  resitlts (D;tiinevig IOE'5) ~iiilicate tliat iiaiionr ~ l c  leiites ai e loiiii- 
et1 iii  late siinisiici, lo1 slo\: v,io\\rels als0 diir iiiq viiltei. 1 Ile lois~ia- 
ti011 of uride sclciites iioiiiially ta1,es plate in late autuiiiii aiicl u vin tel. 
7 Ile iesrilts were veriliecl by f urtlier expeirmeiits 111 1027-30 
(Daiii~evig 1933). Tlie cocl were partly 1,ept iii an aquaiiiim ill tlic 
laboratory, aiicl partly 111 boxes in tlie sea. As only tnro inclividuals 
- of clillereiit leiigtli - Tveve l e p t  in eacli  omp part mei it i t  ?\as possible 
to ascertaii-i ille iiitiivicliial leiigtli iiicremeii~, as  vell as tlre coiisninl~tioli 
oL foocl foi eacii o i  tlie tv o iiiclivicl~ials. 
111 tliis case scale  amp pl es Lroiii tlie liviiig lisli niere ta1,ei-i at iiitei- 
vals of a few iiroiltlis. 
At the sanie tilire saiiiples ureie collectecl froiii tlie sea. 'rlie res~ilts 
ale suiiiiriari7ecl as lol lo~\~s.  
«;\/leasureriieiits oL the sclerites in tlie scales slio~\r tliat iiiiiiimuiii 
sclerites as a i ule occiiiiecl Lirst ~vlieii tlie Lisli liacl a computecl lerigili 
OL 5-8 cm, x\rliicli tlie lisli ilormally reacli cluring tlic iiioiitlr o1 August. 
Tlie iiliniiiiiiiii sclerites are sooii iollo~\reci by large scierites; lilaxinl~lil  
vnliies are lo~iiicl ~vlieii tlic Lisli ieacli a leiigtli of abolit I 1 to 20 (]il.» 
'I Iiis relers to tlie O-group. 
Aiicl for tlie olcler fisli: 
«Scales ~\ritlr iiarrow sclerites at tlie niargiil ale louiicl in all iiioiitlis 
o1 tlie year, biit it  is evident tliat Augiist is tlic priiicipal tiiiie lor tlie 
loriiiatiori ol  tlie ilatroni Lones. Broacl sc!eiitef predoiniiiate at tlie 
niargin froin Novciiibei to July. As tlie great ~iiajoi-ity of tlie stales 
(li1 orie case 100 x) liave iiarrolv sclei-itcs at tlie margin i11 eaily 
aittuiiiii it is reasoiiahle to assuiiic- tliat tlic zoiies loitiicl at oiliei sea- 
uoiis are superiiuiiierary. As i t  is iiiipossible to distingiiisli hetu~eeii 
tlie zoiies loliried in tlie different seasoils, soiiie errors rilust be expec tet1 
nrlieii usiiig tlie zones iii tlie scales loi age cleteirnii~atioii. 
«nl-ic stiidy of tlie otolitlis, lio~\rever. revealed tlie fact tliat tlic 
traiispai-em zoiie heie occurrecl at lie margin oniy in sumi-i-ier aiicl 
aiitiimii, at tiines i0 ai1 exteilt of 100 U/,. Opaque zoiies at tlie iiiargiri 
~~iedoriiiiiatecl (occasionally 100 0) iroin Noveii~ber to May. 'T'lic 
occuri-ence of tlie Lolies iii tlie oiolitlis is tliiic iniicii moie regtilai, 
aiid as they aie easily disting~iisliccl tliey ale to be preleried Lor a v l  
cstiiiiatioils.» 
Variations irr scaies ancl otolitlis of diflereilt populatioiis Lroiii tlic 
Skageiack t oast ai-e desci ibecl i11 all earliei IJapel. (Daililevig 1040). 
I t  is pmvecl tliat the scales of cocl horn tlie opeii Skageiack coast, 
siid Lroili tlie outer and iniier Oslofjord dilier so iiiucli tliat tliey caii 
be usetl as ai1 iiiclicator of tlie populations in cl~iestioil. Keai tlie 
(oast tlie zoiies are very clear, less so in tlie outer fjord. li1 tlie instilatecl 
11111er Bsloljorcl tlie sclerites are so ~iiiilonii, oi tlie variation in tlie 
~\licltli o1 tlie sclerites so iriegiilar, tliat no  regdar  zoiies are loiriied. 
Tfie 5a1iie also occurs i11 tlie otolitlrs. Year tire coast ancl irr tIic 
oiiter fjoicl tlie zoiies are ciistiiict - i11 tlie iirirer fjold tlie pictiire is 
distui hecl by seconclarv kones iiiakiirg the rcacling very clifliciil t .  
(Finii 0 t teihecii 1954). 
Tlre chemical ~oriipositioii ok the otoliths has been examiiled by 
Eva Heiily Daililevig. From a iiiairuscript i io~\/  in the press I liavc 
beeir periiiittecl to quote [Ire suiiimary: 
«A coiiiplete ailalysis of tlie iiiorgaiiic aiid orgaiiic niaterial iii 
cocl-o~olitlis iio.i\;s tlieir coiiiposition to be 76.39 (j/, CaCO, (aragollite), 
11.44 Ojo ClaO, 11.4-9 y. H-O + organic material, aiid O.GS yG other 
coiiipouncls. Tlre orgaiiic material is a proteiii, coiicliioliii. Its aini~io- 
acicl coirstitiients are giveil. T h e  calciiim-compouiids are depositecl 
iir all pai:tmL! tlie otoliths. Tlte tiaiispai-silt zoiie (ior~~iecl iri tlie ~iiarine 
«s:iiiiiiier»j coiitaiiis oiily iiiorgaiiic coiiipouiicls, aircl tlie opaqiic zoiie 
(l'oriiierl iii «I\;iiitci») coiitains hotli calciiiiiicoiiil~ouiids aiid coir- 
(:Itioliii.>> 
Fig. 1. Groui~dplail of laboratory. 
I11 sl11111g 195 l \ve .iircrc ablc to iiistall a liea~iiig-c ooltlig tlcvit c lo1 
iltc 5ca-I\ atcr usccl ill tlic la l~olatoiy.  'Flte tcmperaf ure  O L  ilt:, riliiliiiiq 
itXa-\\ aiei is tlieimoicqiilatel separ atcly Ior eat l i  atlitariuiit. 
Flo,. 1 i l l i i~trates the ac~iial-ia ~isetl. 
111 Septem1,eu 1054 wc caliglit soirie O-gio~ip cod 111 ~ 1 1 ~  littolal 
regroii iic.,tr I.locle.cigr il. 011 2/tl1 "Icpteiiibci tlie coclliiigs n7cic. placcd 
111 tliice insula~ecl aquaria ~\rhicli \vere supplicd 1\7itli i i~i lni i ig  sea- 
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water ok coiistaiit teperattires, aiicl iii o11e ~iiiinsiilatecl aquariul11 s u p -  
pliecl \vitli sea-water ironi tlie pipe. 
Tlie temperature of the sea at deptlis oC 1 ancl 15 nietres in Sep- 
[eiilber 1054 is illustiated in fig. 2. 
Tlie tciiiperatui-e iii tlie uiiinsulatecl aqi~al-ium, exl~erimeili A ,  
is giveii in fig. 9.  
111 experirneilt B tlie tempel-atiiie \vas, xsitliiii three xveelis, lo~verecl 
Lo about 4'C. 111 C the teniperature riras, tvithin one ~veelc, lowered 
to about 8" C, aiid iii D to 12" C:. 
T h e  temperati~res were kept constant til1 23rd February 1955 
~vlicii tlie cxpciiiiieiiis liacl to be dis~oi-itiiiried. TSlie acliiaria \vere tlicii 
i~ecclcd lor otlicr cxpei-iiiieiits. 
Bet~veeii 29th October aiicl Srcl Noveniber tlic cooliiig syteni lailed, 
aiit1 tlie teiiipclatiires in B ancl C rose to 10-11" C:. 
Tlie coclliiigs lirere lecl ~vitlr tiic solt parts o1 ,\lytiliis ecliilis and 
soilie libli. Soiiic taiiiiibalism coiiiplicatecl tlie keiclii-ig pvograiniiie. 
'I'lic colisiimpiion ol iooci ~ \ ~ i i i  t icreiore 1101 be ciiscussecl oil the basiu 
ol tliis espei-inient. Nenr experiiiients oil that probleni are iio.cv in 
1"ogleSs. 
Tlie lengtli ol tlie cocl at tlie beginiiing and at tlie end of tlie 
cxl)erimeiits is s l io~v~i  in tab. 1. Tlie lisli liave groI\Tii 1\1ell iii all experi- 
iiiciris - aiicl tlic lengt11 attainec1 corresporicis 1\7iiii tiiat nonnally loiliicl 
111 Iiaturc, 
At 4" C; tlie lengtli o1 tlie innjol-ity ol tlie lisli is $oiner\rliat less 
tliaii at orcti~iary ~viiitcr teniperature. At S " C and 12" C it  seems soiiie- 
1\7liat greater. 111 tliose experirneiits, Iio~vcver, tlic cannibalisnl \\ras 
iiinst pi(:clciiiiiraiit. tVe ~iiust  assiiine tliat tlie siiialler oiics liave beeii 
ct achc atecl. 
TIie tauses for thc gicat itictiticl~tal rliltercircr\ iir leirgt11 iiitre- 
triciit 'i\ritIiill tlie saiiie esperiiiieiit csriilot be clis<tissecl oil tlie basic 
o1 tliib ~iiatcrial. T h e  qriestioii o1 races aiicl tlieir Rciiaviorir to clitlerciit 
ieiiiperatures, coiiies iilto tlie prol~le~ii .  
Fig. 4. Scalc of cocl, 9.8 ciii. October 11 111 1910. 
Illustratcs the ineasiirenie~rts of tlie scleritca. 
I3y ~liemical alialysis ol the proteins o1 the O-gio~ig cotl ai Flodc- 
vigcil iii 1055 it is cleinoiis~ratecl tliat clitlcrr-ilt types ol cocl ai-e preseiit 
(Eva F-Ieiily Dailrievig, iriil->ul>lisliecl). 
Tiie s ~ l e r i ~ e s  of tlic scales T\TCI e iiicasareci, niitl dirtgraliis coissti t ie  ted 
oil tlie basis o1 proportioi~ali~y bet~\reeir tlie gro\\~ili ol tlie lisli aiitl 
tlie scale. 
Tlie iireasuriil~ o1 the sclevites is illustratecl iii lig. 4. 111 a11 
Ecriiigers apparatus the scale is projec tecl o11 a sLreeii. A slil-> oi i~xn-11"- 
pcs is placecl iii tlie centre of- the scale pictiire, aiid cacli st lerite is  
illarkccl. 'll'lie sllp 1s theri - by Len's hoLilcI - I~xo~tgl i t  into a corlslant 
reiation to tile leiigtli oi the fislr. 
11-1 tlre cfiagtariis tlie abscissa represeilts the le i~gth  o1 tlie fisli - 
,~ilcI the relat i v y  f vidt li of the atleriles. Tlie or cliilate repl eseilts tlie 
actriai ~ \ ~ i d t l i  of tlie s~ler i tes .  'The last sc le i i~c  i5  ~iolriially iiot liilly 
tle\~el«ped. 
Fig. 5. Scleiite diagrains. 
111 tliis Tvay il is possible to asceltaili a t  ~\rllat lcngtii o1 the lish 
tlie sc le r i t~s  are loriiied, aiict tlie citrves o1 oric iiidividual iuay h r  
t oiilpa~ecl rvitli tliat o l  ailother. 
Fig. 5 ;ives tlie diagraitls loi soine codlings o1 cliifeieiit SILLI catiglit 
i11 liature \vlieil tlie experi;ilentT sverc startecl ill Septeiriber 1954. As 
 vill be seen troin tllc Iigilre, tlie leilgt11 of the fisli varitcl betr\reeil 




Fig. 8. Cocl scales. 
A. Norrilal seateinpei.aturc. B. 4" C. C. B" C. D. 12" C.  
ination o1 sinall sclelites iiear tlie rnaugiri. T h e  «.tvinter» rone 1s 
I(>llrrlnq 
Fiq. (i g i ~ e s  the irgiires for tlre cocl reaiecl uiitil 231-c1 Februaiy 
1055, at noliiial sea teii~peratrii-e ancl at 4" C. In tlie scales ol  tlie 
siiialltst iilcliviclrials, Y l and 12 cnl, the sclerites ale relatively iiario.i\i 
to\\lalds the niaigiil. T h e  mecliiiin anel l a g e  iiicliuiduala liave sir~all 
stleiiles ~vlicli tlie iisli liacl a conipritecl lcilgth equal to tlie leliktli 
.i\llien tlie e\peliirient nas $taited. IZut tlieil lolloxir l a g e  sclerites to 
Ille very inaiqiii of tlie scale. Tlie sclerite cliagraiiis loi tlie cocl reaied 
at 4" C: al e il-iiis nearly identital ~vit1-i  tliose reai ed at ilornial te111 
per at: tres. 
Fig. 'i iepieseiits tlie scleiites Iioiii the 8" C :  aiicl 17" C experiments 
At 8" C, lat h sIo~\l growcrs - ancl 111 all iiidrvicluals Itle have Iaige 
st leriles to~vaicls the inargili. For the I 'l" e\pei~r-nerit tlic s( leiite 
cliagi-anis 1,1(1, - ntaily totally - laige stlerttei, eveli Iioin tlie la~gest 
ipeciriiei1s. 
Iii iig. S pliotos o1 scalec 1ioi1i tlre riilleieiit experiiiieilt~ aie le-  
l" O'ltic u l .  
By iiispec iinq tlie otolitlis it  becairie evicleiit tliat tliosc from t oc1 
Lept at noriilal tempel-aiitre ancl at 4" C -cvere quite iii coilformity c vit li 
otoliths from ilatrire, a11 opaqiie centre, one clistinct ti aiispaielit zone 
nilcl olle opaclue zoiie oiitsicle. 
111 the otolitlis lrom tlie 8" C expel-ilneilt tlie miles were clii luse 
aild iiot clistinct. 
111 ilre otoliths froin cocl Lept at i2' C: only the ceiitre Tvas opaque 
- tlie rest to tlie vely edge lvas inore or less ti-a~isl>arciii. Only in tlic 
otolitlis from oiic cocl it  Tvas - by good  vill - isossible to obseive soiiie 
cliftereilce bet~veeii the orelinnry transparent zone anti tlie opaqric 
/one outsicle. 
PI-rotos representiila otolitlis froiri tlie cliffereiit expei-iineiits are 
not given. I t  is very ciifficrtlt to ge: «true» pictures of tlie zoiies of ille 
otoliths. Difiereiices ill tlie thickiiess of tlie otolitlis, a siiiall variation 
lir tiiiie o1 euposiire etc. Tvill to a Iiigli clegree inlliieiice tlie pictiii c-. 
-Mccliai~ ctits inay give iiice pietlires (Lig. O), biit i11 tliis t-ase all t i t i .  
otolrtlls niere rtsecl lor clieinical ai~alysis. 
1218. 9. Cut? of n otolith [rom cocl. I.. 26 riil. 16/6-1924, 
T l ~ e  nnal~ccs iiiacle by Eva Heilly Dailtievig o11 tlie contetit 01 
organit iii'lttei deriioiistiate that i t  is liigltest ill the PC: expei iirirnt , 
i i i t i i c  , i t  inc: a rclatively higli coilteiit oi opaquc ma[erial. 
Fiom 2'7tli October l954 LO 231 c1 February 1!355 O-group toel Iioiii 
tlie ilttora1 iegioii at Flpdevigeii weie Itept iii aqiiaria, aiicl furiiislietl 
.i\ t ~ l i  uiiniiio, scn-watei ol cliilcieilt te nip ei att ire^ 
A :  TIie tcinperatuic .itras iioiriinl Ioi the reasoii. I t  varied bet~veeil 
14.3" C: at tlie start, to 2.6" C: o11 20tli I<ebrtiary. 
I i i  tlie otlier experiilients tlie teiizpelatnies .\\leie lo'i\re~ed ~vitliiii 
,I f e~v  (lays, ancl latei kepl t oirstant: 
B: At 4" C. 
(J: At S G  C 
D: At. 12' C:. 
T h e  iiltlividiial leiigtli iiicreiiieiit variecl ~vitliiii 'i\iide limits in all 
csperiiiieiits. 'Tlie caiise ol tlie vaiiatioi~s riiay teiltatively Ije ascrihcd 
to dilfcieiit raccs b e i i l ~  iiivolvecl iir the iriatcrial collectcd. 
Tlie lengtli attaiiled iil all experiiiiciits (tal,. I) ,  'iva5 of the saiiic 
oiclei as tliat uioriiially loiincl i11 natnre, ancl tliere 'ivas 110 coilsiderable 
( I l l  kei ciic c between c crdliiigs kept at clillciciit [cinperatures. 
At tlie start ill September 1951 the scales slio'ivecl irarrolv sclerites 
ilear tlie iiiargiii. A Lone Tvas loriili1ig. tVlieii the coclliiigs were killecl 
o11 23x1 Fe1)iitaiy 1955 tlie scales ol tlie siilallest iiicliviclii'lls still Ilad 
iiairolv sclei-ites at tile iiiargin - irrespective of ternperature. I l i c  
iilec1iiiiii alid laige iiidivirliials in all cxpci-iiiieiits except at 1 3 O  C 
liael a u~icle space ol  laige sclerites. At 12' C: tlie sclei-ites wcre s~riall 
or inoderate, irrespective of quick growth. 
IVe inay clra~v tlic lollo~\riiig coiiclusioiis: 
a. Narrcw sclerites are loriixecl \vIien the sea-lemperature is higli. 
11. Nari-o'iv sclerites are also formecl at  lo^^ teniperatures iii slo-cv- 
gro'iviiig iriclivicluals. 
c .  'i2'ide sclerites arc foinied at l o ~ v  te~i~peratures in riiecliuiii ant1 
quick growers. 
T h e  results - as to tlic seasoi~ o1 clre fornration of sones - are 
iii Liill coiiloriiiity ' i~itli  tliose ielerrecl to Iroiii ilatiire. 
I t  is evicleiit, Iio~vever, tliat iiarro'iv sclerites caiiiiot be iisecl as a11 
iiidicatioii ol  slow gro'ivtli of tlie fish. 
Tilere seeins to be a tllailce of coiresl>oildeiice X~et\~eeti wide 
scleiit:es aiit1 cluick gro\\.it1l. Bitt qiiici; grox\~th at relatively high telli- 
ixraturesmay hc associated \vitli iiarrow rclerites. 
111 slon. growers small sclerites  vill be preclomiiiant. 
Tlie oiolitlis ~ i -e ie  quite iiorinal i11 cotl at xiriiiter-teiiiperatiire aiitl 
4" C : .  Tlicie is an  opacjue ceiitre, aiicl a trallparent zoiie siirroiititlctl 
Ily all opaqiie zoiir. At 8" C the trallspareiit zoiie -\tJas grnerally more 
tlif'f~ise aiicl iiot so \vell inarked. At 12" C: the ti-aiispai-eiit zoiie see~iiecl 
to 1x~"eecl iuorr or 1c:ss cliff~rse to the iiiargiii of tlie otolitli. 
Tliis iiidicat-es tliat tlie trallpareiit zoiie is foriiiecl at relatively 
Iligli teiiiperatrires, the opaque zoiie at relatively  ion^. Tliis is iii 
accoi-c1:iiice \vit11 tlie results arrived at by cxamiiiitig youiig cocl froni 
ilatrire (Darilievig 1033j. 
C:iieiiiical ailalysis revealed tliat tlie forinatioil of oi-gaiiic-opaclue 
rilaterial \\;as higliest at 4" C. 
T h e  reslrlts of tile esperirneiits iiidicate tliat tlie iorinat-ioii of zoiies 
i11 the scales aiicl otolitlis ol' tlie cocl is inflrieilced by teiiiperature 
tiireciiy or iiiclirectly. 
T o  ~vliat iegrec o~ l i e r  factors - foocl, liglit or ai1 iillterited rliytliin 
- also coille into tlte probleili xi~ill I,e tlisciissed oil the basis of flirt-lier 
expeririieiits. 
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